TECHNICAL FIELD 

This invention relates to new processes for production of polyolefins and other 
polymers in gas phase and slurry phase reactors via coordination type polymerization, 
from olefins and monomers produced through the catalytic dehydrogenation of 
corresponding paraffins and other hydrocarbon molecules in permeable reactors (so called 
permreactors or membrane reactors). The invented processes utilize also membrane type 
permeators in the downstream of the polymerization reactor for separation of the 
unconverted olefins from the paraffin, hydrocarbon diluents and recycling of each of those 
chemicals to the corresponding process. The integrated use of product hydrogen from the 
dehydrogenation reactors into the polymerization reactors as a chain_fransfer agent to 
adjust the molecular weight and structure of the produced polymers is an additional 
feature of the invention. Further, the produced dehydrogenated olefins can be also used in 
downstream oxidation or synthesis type reactions and reactors for production of specialty 
chemicals. Moreover, another part of the invention relates to integrated olefin-paraffin 
membrane separators and fluid bed polymerization reactors within the same module, 
which are used for production of polyolefins from the permeated (separated) olefin 
monomers. Another part of the invention relates to integrated dehydrogenation 
permreactors and fluid bed polymerization reactors which produce polyolefins and other 
polymers from paraffins and other feed hydrocarbons within a single integrated 
dehydrogenation-polymerization module. 

BACKGROUND OF THE INVENTION 

This invention relates to processes which convert paraffins into olefins via 
dehydrogenation steps and the produced olefins into polyolefins via polymerization steps. 
The processes are more effective than existing processes and equipment because they 
integrate more than one process operations into a single process or vessel and utilize 
recycling of unreacted reactants and products to increase product yield and overall process 
efficacy and economy. The todays demand for polyolefins, especially polyethylene and 
polypropylene is high and more effective production methods are in need in terms of 
reduction in capital and operating expenses. Beyond polyolefins the invention can be 
applied to production of other polymers from monomers coming out of dehydrogenation 
reactions. Moreover, the dehydrogenated olefins can be also used in downstream 
oxidation or synthesis type reactions and reactors for production of specialty chemicals. 

Specifically, production of most isotactic, linear polyolefins from C 2 -C 5 monomers 
such as polypropylene (PP), high density and low density polyethylene (PE), poly-butene- 
1, poly-4-methylpentene-l, take place with coordination polymerization. Also other type 
of polymers such as polystyrene and polydienes (i.e., poly(l,3-butadiene)) are made by 
using coordination catalysts and are discussed below as well. Both stirred bed (slurry- 
liquid phase type) reactors and fluid bed (gas phase using solid supported catalysts) 
reactors can be employed in coordination polymerization as shown below. Stirred bed 
reactors to be used can be of a horizontal or vertical vessel type and involve a colloidal 
catalytic dispersion or a soluble type catalyst, which usually is a coordinated complex 
(i.e., Ziegler-Natta type catalyst) formed by an organometallic compound (e.g., aluminum 
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alM such as dichloroethyl aluminum) with a transition metal salt (eg titanium 
tetrachloride, titanium trichloride) in a hydrocarbon solvent (e.g., hexane, heptane) The 
so-called Ziegler process for production of high density PE, PP and copolymers of PP-PE 
(polypropylene-polyethylene) is such process implementation. A modified process (ie 

fw^T^ U c 6 ° f SUPP ° rted mCtal ° xide cataI ^ts in a similar type of multiphase 
stirred bed system. Supported catalysts that can be used include chromium zinc 
molybdenum, tin, cobalt, nickel metals on alumina, silica, titania or related supports Such 
type ; of commercially established processes and modifications of these operate at reaction 
conditions which range from T=50-200°C and P=l-30atm 

reactinn^Z^ ^ ^ *** * e CO( >^tion polymerization 

reaction for production of similar structure and density propylene, ethylene, butylene and 
hfgff polymers and copolymer, The fluid bed uses only a suspension of catolytic powTer 
of the same metal supported composition and structure as described above in the solution 
type polymerization processes. Such fluid bed reactor processes operates at moderate 
" 30a f n > ^ ^Peratures (50-200°C) and recovers polymer in the form of 
^ eChe^^f ^ ^ maSS ° f CatalySt SinCe PO^rization processes 
T at ° f reaCt, ° n 18 removed * coolin 8 the rea <*<* externally or 

SSS^SS 8 a sultable diluent) or by circulating the — d * as 

Experimentalje^ul ts from ca talyiic_permreactors (membrane reactors) for paraffin 
e g^opane, ethane, butane) dehydrogenatic^eacti^^ 
"teratu^oimr^^ 

permeators with various permselective wall materials has been also demonstrated in other 
hydrocarbon processing and upgrading reactions such as in steam and C0 2 reforming of 
methane and natural gas. s 

SUMMARY OF THE INVENTION 

n,m^ n w he inve 5 ion J le i f C ^bed herein pertains to the use and operation of multifunctional 
permeable paraffin dehydrogenation reactors and derived-related integrated paraffin 
dehydrogenation, olefin polymerization, olefin-paraffin separation and recycling sterns 

?"* ° lefmS catal ^ c dehydrogenation reactions of 

an^H 5th ^ 0ther ™ te &** d dehydrogenation-polymerization reactions can be 
applied with the process. Moreover, the dehydrogenated olefins can be also used in 
downstream oxidation or synthesis type reactions and reactors for production of specialty 
chemicals such as ethylene oxide and ethylene glycol, acetaldehyde, acrolein and acrylk 
acid, acrylonitnle. In addition, the invention relates to a process using integrated olefin- 
paraffin separators and fluid bed polymerization reactors which produce polyolefins from 
olefin/paraffin mixtures within a single module. In addition, the invention relates to a 
process using mtegrated dehydrogenation permreactors and fluid bed polymerization 
reactors which produce polyolefins and other polymers from paraffins ^d omer 
hydrocarbons within a singlejnodule. Polymers such as polyethylene, polypropylene 
polybutene- 1 , poly(isobutylene) and with higher monomer units can be produced 

Production of polymer grade olefins through polymerization reactions usually 
requires pure monomers as feedstocks to avoid catalyst and solvent contamination and 
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rapid loss of catalyst activity in the polymerization vessel. Depending on the type of the 
utilized polymerization reactor, polymerization process (e.g., bulk, solution, suspension, 
emulsion, gas phase) and the type of chain propagation reactions (i.e., step-reaction, 
radical chain (addition), ionic, coordination) the purity, flowrate and concentration of the 
olefinic monomers may vary in the reactor feed. These monomer variables are coupled , 
with the polymerization temperature, pressure and the volume of the reactor to make for 
the production of specific polymers within the desired range of molecular weight, 
structure and properties (i.e., crystallinity, transparency, viscosity, tensile and impact 
strength and others). 

The above described coordination polymerization processes can utilize hydrogen 
within the reactor as a chain transfer agent to reduce molecular weight and possibly to • 
achieve branching which contributes to a decreased crystallinity product wherein such 
product is required. Moreover, the monomer olefin can be diluted with a paraffin or 
cycloparaffin during the polymerization reaction in both type of polymerization processes 
mentioned above. In our invented processes described below, we seek to utilize as part of 
the diluent or solvent in the polymerization the unreacted paraffin (i.e., propane for 
polypropylene production, butene for polybutene-1 production) to increase the process 
efficacy and economy. 

It is important for the invented olefin production processes (i.e, paraffin 
dehydrogenation reactor) to deliver purified olefins as monomer or mixtures of purified 
olefins with hydrogen (monomer plus a chain transfer agent) to the above described 
polymerization processes. Unreacted paraffins such as ethane, propane, butane, and other 
reactant hydrocarbons respectively and possibly inert gases such as argon or nitrogen 
(which usually are used as sweep gases in the preceding dehydrogenation permreactors to 
increase paraffin conversion) can be fed as diluents into the polymerization reactor 
together with the olefinic monomers. Unreacted paraffins such as ethane, propane and 
butane can act as solvents in slurry-solution type and fluid bed type polymerization vessels 
in the liquid, vapor or gas phase. They can be also mixed in the polymerization reactor 
with a higher paraffin (especially in the slurry-solution type of vessels) such as isopentane, 
hexane, heptane in order to increase the solvent efficiency towards the formed polymer. 
Moreover, as aforementioned, the unreacted paraffins can be used as diluents to decrease 
the monomer or polymer concentration in both type of polymerization processes; they can 
also promote phase mixing during polymerization and remove exothermic heat of 
polymerization by vaporization at the reaction conditions. These low molecular weight 
olefins and corresponding paraffins have low boiling points and under usual 
polymerization conditions (P=25-35atm, T-55-70°C) they can be transferred from the 
liquid to the gas phase through boiling. By utilizing the unreacted paraffins in 
polymerization, the proposed processes seek to eliminate extensive paraffin/olefin 
separation costs before the polymerization process. However, the unutilized paraffin from 
the polymerization reactor has to be recycled into the dehydrogenator for continuous 
reaction and production of olefins as shown in Figs. 1&2 below. The solvent/diluent type 
paraffin has to be separated from the unreacted olefin monomers which are also exiting 
from the polymerization reactor. The proposed separation as shown in the Figures can be 
done by the use of polymer or composite reactive membranes of dense or nanoporous 
structure, containing Cu, Ag, Zn, Cr, Mn, Fe type metal ions which have an affinity to 
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form a transporting complex with the permeating olefin (e.g., propylene, ethylene, 
butylene). Moreover, a facilitated type permeation of olefins via liquid membranes, or via 
ion exchange membranes can be also used as a suitable process for the proposed olefin- 
paraffin separation. The membrane type separation processes are in direct competition 
with the currently applied in industry low temperature distillation which is demanding 
energetically and economically. Thus, the membrane processes seek to reduce capital and 
operational costs, while the overall invented process seeks to get rid of the necessity step 
of separating olefin from paraffin before the polymerization. 

Key variables for the consecutive polymerization reactor are the molar flowrate 
(throughput), composition and concentration of the olefinic monomer stream exiting from 
the dehydrogenation reactor. These parameters together with the reaction conditions and 
volume of the polymerization reactor define the monomer (propylene) concentration 
which in turn affects the molecular weight of the formed polymer. Use of permreactors 
(membrane reactors) as dehydrogenators provides beneficial increases in paraffin 
conversion and olefin yield per reactant (e.g., propane, ethane, butane) pass, therefore 
contributing to increases in polypropylene, polyethylene, polybutene-1 yields in the 
consecutive polymerization reactor. Another benefit by using the dehydrogenation 
permreactor is supply of regulated mixtures of olefin and hydrogen for polymerization 
which make for both the monomer and chain transfer agent for controlling the polymer 
molecular weight. In addition, where necessary, supply of regulated mixtures of olefin, 
hydrogen and unreacted paraffin (as diluent or solvent) is also possible by adjusting the 
reaction conditions in the dehydrogenator. As an example an increase in dehydrogenation 
pressure or a decrease in temperature will increase the amount of unreacted paraffin 
(diluent or solvent) in the exit of the reactor. 

Increases in paraffin conversion and olefin yield at the catalytic permreactor exit 
are due to the enhancement of the reaction rate of the paraffin dehydrogenation reaction 
caused by the permeation of mainly hydrogen and in a lesser degree of the olefin (e.g., 
ethylene, propylene, butene-1) through the walls of an inorganic, metal or composite 
(inorganic-metal) permreactor. A catalytically modified inorganic or composite membrane 
can be also used in the permreactor to increase both the membrane selectivity to hydrogen 
and olefin and also the rate of the dehydrogenation reaction due to its catalytic nature. 
Olefin yield increases by the use of the permreactors are translated into a richer olefin 
feed than the one obtained by the use-operation of the conventional plug flow (fixed bed) 
reactor. This effect in turn results to higher polymer (polyolefin) yields in the adjacent 
polymerization reactor. Both stirred (solution) bed and fluid bed coordination type 
polymerization reactors can be used to convert the exit olefin mixture into polyolefins. 

The configuration, embodiment shown in Fig.Kis suitable for production of 
polyolefins (e.g., polyethylene, polypropylene, polybutene^l, poly(isobutylene), poly(4- 
methylpentene-1 and other polymers) with moderate to low polymer molecular weight due 
to the strong presence of hydrogen as a chain transfer agent in the mixture fed into the 
polymerization reactor. 

The combined mixture of paraffin-olefin-hydrogen is fed into the polymerization 
reactor D. Paraffin can be a diluent or solvent in the coordination type polymerization 
(slurry or gas phase reaction) and is recycled from the outlet of the polyolefin reactor D 
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P^tjjctorby^^^^ ™ y te a<Wed - 

«^t£K££s^ H ta Fi&i vT b]e ,o operate * Puffin 

olefin products^, fcSle^^ However high paraffin conversions and yields to 
process per pLTf pS£ Z?te ^f 0 *^ 00 of the overall 

temperatures hieher than ahn.it Anno/- „ , y a "owever, at reaction 

decreases to ta/taSS "JSL^v'SSL 2i ^ ? ^ ^ ^ 

formed as well from side r^T^Z? f P ° SSlbly methane b yP r <*^ to be 
Primary olefin is «££E SfSh ST t C *"** t0 the 

the residence time of the paraffin £ £™ ^ tem P eratu, «- ^ Urease in 
corresponding olefin at the ™J *7*™ eactor f uses - Urease in the yield to the 
reactio^ ^ughput from the reactor. Lower 

-posl^ *■ ~ or 

removal of only hydrogen out of th7 ?J f ^ ° f P™*"** ensures 

PermselectivemeLsaX ^ Vari ° US 

Nb Pd/Ae Pd/Prt Th? °J\ ^^^^^Pe^eactor wall materials (i.e Pd, V 

removal efficiency „f me pZ^^X f 8 ,7 "* ° Vera " hydr0 8 en 

-binS^'a^S^ ^ "V"' ™- is 

into the metal rermreactor andrt^T^ ,1 ? parafrm 8,1(1 rec >" :les me P 31 *™" 
in hydrogen v^^^^LT,?' V^™*™ "*ctor. A bypass valve 
Prt—nreac,/^ 

(i.e., above 550-60n°n m H operate at higher reaction temperatures 

exarnple 7„ tie SSZLtaS" """"^ ° f prima,y -* "»»■** «•£»• As 
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^subsequent produCon of block or random coders in the polymerization reactors 

Ly^nlt of f* f 6Ct in the yidd 1116 P rocess can be «*» ^ed for 

aeftyojogenation of other hydrocarbons such as ethylbenzene and butenes tn tZ 

corresponding monomers and then to subsequent polymers. " 
Pig ! J?SS r P 7Z lene ^ *? dehydrogenation membrane reactor shown in 

pTodS„„7*,;Se or ^ — " ,n a *» ca^r^rr 

reactors ,n,„ one opera.,„ g module. A.so, integrated dehydrogenation poSiSTS 
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^£$£Z£" ^ ^ deSCribed *** Pr ° dUCe P-ffins 
™ fr ^ olefin-paraffin separators shown in embodiment of Fig.3, can be fed with 
paraffins from vanous sources including refinery, postrefinery and peLhemTcal 
hydrocarbon mixtures. The integrated separator-polymerization reactor wor^Tn a £ 
and shell configuration. The feed mixture can be fed inthe tube inlet 5^2?.^J£ 
of olefin from the paraffin occurs via the reactive walls of the tubular sSSTtS 
rejected paraffin exits via the tube outlet and can be used in subsequent o^eratioT such^ 

rettt^T ° f " a COmbuSti ° n ™ e of the seSol Ztz 

reactive membrane which is made by a polymer, polymer-metal polyme -ceramic 
polymer-ceramic-metal, ceramic-metal, liquid like polyLfor other 'compose S 
containing reactive metals, wherein metals such as Cu, Ag Zn Cr Z £ m r„ t 
Rh Ru, Pd which have an affinity to form a transporfing^omplex S the ^ting 
olefin can be used m order to facilitate the transport of the olefin in Ae plSe df 

Sed^T 0 ' ^ ^ t*™** ° lefin in the shell of LTpSa orl 

SS^JT 8 h ?7 ^ ^ fl ° W and is ******** **> *e Lp ctive 
, i ^ She " « **** because the two operations occ^ 

b S3 £ST? 50 - 200 ° c - Sinularly ** ~ * * e two 

^eSion The i r V' 0 ™' 6 ^ ° perati ° nS ' Lc - olefin ^ion and 
£ * y , n Pr ° dUCt P feci P itates from *e bottom of the polymerization 

^af^^"^-^ , ( 7 n ° mer) fr ° m ^ Po^erization^IpoSble 
traces of permeated paraffin is recycled into the bottom of the reactor through a serarate 
mlet for continuous polymerization. The process is suitable for the sepaSo e S 
ethane propylene-propane, butylene-butane, and higher olefin-paraffin hydrocarS fed 
within the separator in the gaseous phase or vaporized in the separator irdTSXet 

produced m the shell of the module. The process can be also adjusted to separate more 
han one olefins from paraffins. As an example, ethylene and propylene tiSTcTte 
usld ft nTT » and'the S ^ 

reTction^ep ^ ^ C0P ° lymerS in ^rization 

f^H , T1 f deS + Crib u d Can te also flow reversed ' ^h the hydrocarbon (paraffin) 

L'dule ** She " md thC P 01 ^^- to occur into the mbe of the im^ed 

.mi An ? her rClated inV6nted pr0cess ' P 6 ^ 08 t0 *e use of the described tube and 

» S^S"^ T flgU ^ atl0n " 3 C ° mbmed de hydrogenation and pX^tion 
reactor. This embodiment is shown in Fig.4. Accordingly, a paraffin such as ethane 
propane, n-butane, i-butane or higher is fed in the tube of the two^elctor TntetaTed 

^ffi^otll's^ 7? PrOPe I deh ^— n catalyst for co^ersion TS 
paraffin to olefin. Such catalyst can be Pt, Ru, Rh, Cr, Ni or other related metals The 

^Z^2 Y ^r f l e S6parate « the high temperatu^membrt In 
are transferred m the shell of the reactor. The membrane which is used as a senaration 
medium can be made by a ceramic, ceramic-metal, polymer, polyn?^^^ 
ceramic, polymer-ceramic-metal, metal, metal compositeur other^omS 
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gases are used in ™lymS,l .ft" "'"^ ^ogenation. taert 

down ,„ Co^tt^~ s,^:, Sfoir 

catalyst mixed S het^ 22™? flui< f zal ™ » f Polymerization 
argon, nitrogen or other nararl^ »I f ! Polymenzation occurs. Oases such as 

gases. Tie L-po^rS oS^ ^3^^ ^ " d ^ 

continuous polymerization afW n» JT T u ttom of me reactor she « for 

removing lS, "CymfS TiT^ TTi 00 * B &r coo6 » *• ^ *"<> 
the bottom of melS^SSor^M ' ^"^l^^ and exi, through 
^ffinr^eatealsoSultw"? ^ m sigmficaat of 

non-polySerizeTofefir^ ^StoSS T e "f" araK " is ««« •> ^parate the 
recycle me olefin into me plr™Sl^ f f 0 ^" Uem '"lymerization, and to 
case in which the 7 C °" tinuous Polymerization. In 

copolymers can be proSTrTin^f / T* °" e ° lefuK ' bl °<* «' ™°om 

P*£ of ,ower ^ ^^CSSES,* TT 

transfer agent. presence of hydrogen which is a chain 

^ymerizationreac^ - d "» fluid ■*> 

polymerizaHon reacto? ^ S ' de 0f me ,nte 8 ratai dehydrogenation- 

|x*-^^r?S^.?T '° *" ° f F * 2 Bu < * consecutive 
compounds or specMry ctaS ^ "*** f °' ° f 

Fig.6, is an embodiment which relates to this of Fio l R,.t ,u. r . 
reactor for dehvdroBenari™ k t. 8 e flrst membrane 

DETAILED DESCRIPTION OF THE DRAWINGS 

to the oeS^riitTor^/T^ ^ '"»*• °' efWc « 

can be caterer STLf <«*•.»■»"*> of the permreactor 

shellside. The packed bed fa £ta£ «te SS^TT! ,0 Pen " e '" e """"^ m 11,6 
dehydrogenation reaction ^tTc?L R^^J^.'T!?" fa 
and permeate (shellside, streams can^ ^ - - J Z^/t^ 
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of permeated paraffin Streak 2 L cnZf h Y 0lefin "* Sraaller 

which has the sa„^witi ^25^4°^^ * ^ *~ 3 

stream 5 which is'cooled T£?gZ ^l^TltTT^^^ 
polymerization reactor D and becomes th?\Z7 t g \ . ******** of the 

entering into reactor D fronTa difSrent ^ , ' ^ 9 * a bypass stream 

or diluent for the polymeZt^ ? u * SUitaWe additional sol ™t 

adjusts the flow^ ~a™°^ 

polymerization reactor D colinTTe ? ? fT™* Stream 10 from * e 

mixture of paraffins and un^eS ^ Produced polyolefm, while stream 11 contains a 

sepa ra tor)E P and^ 

reactors. y stream s 12 and 13 mto the corresponding 

propane, n-butane i-butane or a m ivt„r P „f «- 8 ! paraffin such as ethane, 

debydrogenation. StrZTis m h «ons undergoing 

only hydrogen Stream 3 i< nv ,XV7 , 116,156 ^mreactor containing 

conLningdefin ■ a^u^ld XZmZTT* "» P 6 ™^ ' 

7 is a bypass stream entering 2^1'™"'™*'°' Stream 

suitable additional solvent ^mZTf^T ^ erent P 011 - «»taii» a 

heptane, isor*ZLta7"c ^ tt'fl ^T^ 0 " ""■"i 0 ' 1 such 35 >™ 6 . 
Stream 8 extting Tom reartor C ™T ° ^ ^ 7 in metered a*"™* 

an exit mhJS^S^tS^^ 1 ?^^^' — 
separator D and are recvcl^r«™JlhSt f^i Wh '° h m separated in Pa™eator- 
1 1 " eC,cted "'Pectrvely to the corresponding vessels via streams 10 and 

feed mixture separated oy teSn seSe Il"h *? ' C0MainS te ««Wp«ffl» 
permeated) by the membC rSn^^ "V"^ 2 is me re j ected 0°- 

fluid 1 membrane »*» * 

S^eam 1 ,s 2 ^?^T^ SS^t^tS 



olefin and hydrogen in ^S^SS^^J^ °* * ** P™"* 
Polymerization reaction o^i^S^ T° rea< ?° n ^ in zone R 
fluidized flow of suitable catalvs" rlwder ll. ? ? module wherein al *> 

olefin into the P^yrn,^^^^^ 3 * rec ^ 

materials ensures removal of hydrogen oZ Z ^fltZ X ^ ^ ° f P ermreact <* wall 
Fig 5 is again a paraffin such fTST y ™ ta£ **te hydrogenation zone. Stream 1 in 
paraffins. Stream 2 is 2 SrmSt sZ^IT^ 0r a mixtoe <* 

hydrogen. Stream 3 is Ae^^nf ^ denSe P en ™**or containing only 

containing olefin^ JS^JZST*^ *"*" &0m factor A - 
temperate of ^ * ^ B at the 

reactor C together with bypass steam 7 6 enterS mt0 the ^sis . 

necessary, into the smti^T^J^-^"^ ** ° T 0Xygen a diluent * 
suitable bed of ca^st i ^TZ^JTl^^"** 
configuration is suitable for production of nv^? + ^ SUa " y *"* ^ of P roce *> 
ethylene ox.de, sctla^^^ fr ° m olefins such » 

product stream, s^^te^^!^ ^ "V 1 "^ Stream 8 is the exit 
^^tn^ltr^^^^ ? an oxrewrted compound from reactor C 
water scrubber or a «^ Stream , 8 P— through an absorber, 

(products) in liquid pSH ^/^^Ibaw^^ 

hydrocarbons exit from a tffeentSH? ^ J^' 38 ^ 9 ' while the rest <* 
into the inlet stream 1. * g3S phaSe as stream 10 » recycled back 

non-cataKS ^ *" *" catalytic reactor or a 

Figs.l&2. Stream 1 in Fig 6 ^a^nS^ TUT* ^own in 

mixture of paraffins or a ZhnZ™ t ? PK>Pane ' n " butane ' or a 

product exitTear^ to 5S^ST2S f ylben2ene - St ™* 2 is the only 
paraffins (or other 

temperature of me next rx>^ 2 " C °° led ,n cooler B * *e 

reactor C. Stream 6 is ^b^^^L^ J*""* 5 *T* mto the Polymerization 
contains a suitable -UhteS^KS TSZS ^ ***** ™ ^ h 
as hexane, heptane, isopentane Valve D l^ut te^^Tl in C ' such 

metered amounts Stream 7 exiting 3 « fl0Wrate of me feed str eam 6 in 
other polymer, while Tarn TS^.^^^^ 1 ^ °' 
reacted olefins (or other ~T^T^Zf n ^ and 
are recycled respectively into the corresnonHfna P a permeator-separator D and 
reactor C) and 10 (it i, recycledTnto^ ^ 9 (§ ° eS back **> 
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